Effects of ultraviolet radiation on the stratum corneum of skin in mole rats  by Yel, Mustafa et al.
w.sciencedirect.com
J o u r n a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 7 ( 2 0 1 4 ) 5 0 6e5 1 1HOSTED BY Available online at wwScienceDirect
Journal of Radiation Research and Applied
Sciences
journal homepage: ht tp: / /www.elsevier .com/locate/ j r rasEffects of ultraviolet radiation on the stratum
corneum of skin in mole ratsMustafa Yel a, Turan Gu¨ven a, Hu¨seyin Tu¨rker b,*
a Gazi University, Gazi Education of Faculty, Department of Biology, Teknikokullar, 06500 Ankara, Turkey
b Ankara University, Science Faculty, Department of Biology, Besevler, 06500 Ankara, Cankaya, Turkeya r t i c l e i n f o
Article history:
Received 23 June 2014
Received in revised form
20 August 2014
Accepted 23 August 2014
Available online 9 September 2014
Keywords:
Ultraviolet radiation
Ultrastructure
Dermis
Stratum corneum
Mole rats* Corresponding author. Tel.: þ90 (312)28051
E-mail addresses: musyel@gazi.edu.tr
(H. Tu¨rker).
Peer review under responsibility of The Egy
http://dx.doi.org/10.1016/j.jrras.2014.08.010
1687-8507/Copyright© 2014, The Egyptian Soc
reserved.a b s t r a c t
It is likely that the UV rays will affect the epidermis of mammals. All these negative effects
justify the studies on the relation between the UV rays and epidermis. The purpose of this
study was to investigate the ultrastructural effects of ultraviolet C radiation (UVC) on the
stratum corneum of mole rats epidermis. Mole rats were divided into two as the control
and experiment groups. The control group did not receive any radiation while the other
groups were irradiated with UV radiation for 52, 112 and 168 h. The skin samples were
prepared and analyzed by transmission electron microscopy. After the examination,
stratum basale, stratum spinosum, stratum granulosum and stratum corneum layers were
distinguished. The most drastic effects of UVC were noted in stratum corneum. Lacunae
formations and unkeratinized cytoplasmic residues were observed within the horny cells.
Depending on dosage and exposal period of the UVC radiation, ultrastructural changes
occurred in the stratum corneum on mole rats epidermis.
Copyright © 2014, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. All rights reserved.1. Introduction
Studies of environmental stressors have traditionally
included human-produced contaminants such as pesticides,
metals and industrial chemicals but have come to include
anthropogenic changes to natural features of environments
like temperature, salinity and ultraviolet radiation, as well
(Mekkawy, Mahmoud, Osman, & Sayed, 2010). The reduction
of ozone in the stratosphere as a consequence of human ac-
tivity led to an increase in the level of ultraviolet radiation
(UVR) at the ground.53; GSM: þ90 0532360374
(M. Yel), tguven@gazi.ed
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iety of Radiation SciencesUltraviolet (UV) radiation is a part of the spectrum of
electromagnetic radiation emitted by the Sun. It is arbitrarily
divided into 3 categories at different wavelength as UVA
(400e320 nm), UVB (320e290 nm) and UVC (290e200 nm), and
has long been known to cause adverse effects on organisms
(Dong et al., 2007; Stolarski et al., 1992; WHO, 1994).
UVA rays cause light brown tan in a short time; so, the
subsequent darkening is due to melanin, which accumulates
in the skin. UVB rays cause could be delayed, but long-term
tan mostly results in melanin synthesis in the skin. It causes
serious sunburn in association with intensified erythema and
edema, ache, and blister formation in less than one day of1.
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Fig. 1 e The special compartment, where the mole rats
were exposed to UVC radiation.
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properties are especially harmful for the eyes. Generally, they
cannot reach the earth surface due to absorption in the ozone
layer (Stolarski et al., 1992; WHO, 1994).
UVC radiation is especially important in terms of harmful
effects on living beings. Fortunately, majority of this emission
is filtered by the ozone (O3) layer. As the thickness of this layer
has been reduced in recent years, it is estimated that skin
cancer, cataract and immune deficiency syndrome cases will
increase in the near future (Mayer, 1992; McKenzie, Bj€orn,
Bais, & Ilyas, 2003).
The ozone layer in the atmosphere significantly absorbs
the UV radiation coming from the sun. The discovery, in 1985,
of the hole in the ozone layer in Antarctic has disturbed public
opinion all over the world. It has been claimed that the most
important cause of the ozone hole is the chlorofluorocarbon
(CFC) gases. It is also believed that the UV rays coming to earth
through the hole in the ozone layer will increase the number
of diseases such as skin cancer, cataracts and loss of immu-
nity (Armstrong & Kricker, 2001; De Gruijl, 1999). The UV rays
will probably affect the epidermis of mammals as well. All
these negative effects justify the studies on the relation be-
tween the UV rays and epidermis. The results of such studies
will lead the way to the solution of some problems related to
the future of human health.
Upon exposure to UV radiation, skin reactions such as
pigmentation, lesion, erythema and changes in the ultra-
structure of cells in the epidermis and dermis have been
examined on Monodelphis domestica, hairless mice, guinea pig
and volunteer people (Applegate, Stuart, & Ley, 1985; Bivik,
Larsson, Ka˚gedal, Rosdahl, & €Ollinger, 2006; Brody, 1959;
Browman et al., 2003; Chomiczewska-Skora, Adamus,
Trznadel-Grodzka, & Rotsztejn, 2013; Johnston, Oikarinen,
Lowe, Clark, & Uitto, 1984; McMillan et al., 2008; Sayed,
Ahmed, Imam, & Mekkawy, 2007).
Our aim was to determine the effect of UVC radiation on
the stratum corneum of mole rats epidermis by the electron
microscope. Although the living organisms on earth are
directly exposed to UV radiation coming from the Sun, few
underground-dwelling mammal species like mole rats are not
under such affects.
In this study, mole rats were selected as these animals live
in underground galleries and have no UV exposure in their
habitat. That's why, theywere exposed to artificially produced
UVC radiation in the lab, and epithelial cells changes were
compared to the control group.2. Materials and methods
Twelve adult mole rats of both sexes, weighing 180e200 g
were used in this study. All rats were caught within the nat-
ural terrain (rural areas). They were kept in the laboratory for
10 days at a stable temperature (20 ± 2 C) in order to obtain an
adaptation to the new environment. The rats were housed
individually in special cages called terrarium and a constant
UVC dosage was applied (Fig. 1). All animals were fed with
carrot, potato, plant roots and no special diet was given.
A “Mazda TG” ultraviolet lamp in 30Wpowers and in 90 cm
length was placed to the upper cover of the terrarium. Theintensity of the UV emitted from the lampwasmeasured to be
254 nm in wavelength and the energy in 1 s was found to be
0.0014 J/cm2. Mole rats were exposed to daily artificial UVC
radiation depending on sunlight period for 8 h (between 08.00
and 17.00 h) for 14, 28 and 60 days. A feeding interval was
given at midday for 1 h. A timer was used to arrange UVC
exposure times.
The mole rats were divided into two as the control and
experiment groups. Group I (the control group) was not
received any radiation while the other groups were irradiated
with a noxious dosage of ultraviolet C radiation (254 nm).
Group II was irradiated for 52 h (total dosagewas 282.24 J/cm2),
Group III was irradiated for 112 h (total dosage was 564.48 J/
cm2) and Group IV was irradiated for 168 h (total dosage was
864.72 J/cm2).
At the end of the experiments, the animals were anes-
thetized using ether inhalation and were sacrificed. The skin
samples were dissected out, and cut into small pieces. For
electron microscopic studies, the small skin pieces were fixed
in glutaraldehyde, washed in buffer and post-fixed in 1%
osmium tetroxide, dehydrated in ethanol, cleared in propyl-
ene oxide and embedded in Araldite CY-212. Ultrathin sec-
tions were prepared by ultramicrotome, stained with uranyl
acetate and lead citrate. Jeol JEM 100 CX-II electronmicroscope
was used for examination of the specimens.
All experiments were carried out in accordance with the
university guidelines for the care of experimental animals.
Also, guiding principles for experimental procedures found in
Declaration of Helsinki of the World Medical Association
regarding animal experimentation were followed in the
study.3. Results
The epidermis is stratified as squamous epithelium. Themain
cells of the epidermis are the keratinocytes, which synthesis
the protein keratin. Protein bridges called desmosomes con-
nect with the keratinocytes, which are in a constant state of
transition from the deeper layers to the superficial. The four
separate layers of the epidermis, which are stratum basale,
stratum spinosum, stratum granulosum and stratum cor-
neum,are formedby thediffering stagesofkeratinmaturation.
Fig. 3 e Electron micrograph of stratum corneum of mole
rats epidermis exposed UVC radiation for 52 h.
Keratinization in stratum corneum and keratohyalin (k).
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lower layers upwards to the surface, four layers of the
epidermis were distinguished in the control group ofmole rats
epidermis (Fig. 2). It was found that the cells contain vacuolar
cytoplasm and mitochondria, as well as wrinkled nucleus.
Pathological aggregations of tonofilaments were formed in the
desmosomes. The most drastic effects of UVC were noted in
stratum corneum. Lacunae formations and unkeratinized
cytoplasmic residues were observed within the horny cells.
After 52 h of irradiation, some structures from stratum
granulosum with incomplete keratinization were observed in
the stratum corneum. It was found that the cellular structures
remained as a round-shaped mass in the stratum corneum.
Some horny cells included clusters of ribosomes (Figs. 3e6).
Occasionally, the horny cells forming the stratum cor-
neum, joinedwith each other in bumps and depressions. Dark
and light materials are found between these cells. In general,
lacunaes are formed in horny cells; keratohyalin masses are
discernible in the lower horny cells. Similar changes were
seen after the irradiation of 112 and 168 h (Figs. 7 and 8).
Lacunae (L), stratum corneum (SC), stratum granulosum
(SG). X21.000.4. Discussion and conclusion
UVC radiation as a noxious environmental agent has greater
effects than UVA and UVB radiation. Though many negative
impacts of UVA and UVB radiation have been recorded
including skin aging, eye damage, physiological defects,
retarded development, oxidative DNA damage and immuno-
logical characteristics (Clydesdale, Dandie, & Muller, 2001;
Diffey, 1991; Dong et al., 2007; Gange & Rosen, 1986;
McMillan et al., 2008;Mekkawy et al., 2010;Milliken et al., 2012;
Petersen, Gniadecki, Vicanova, Thorn, & Wulf, 2000; Salo,
Jokinen, Markkula, Aaltonen, & Penttil€a, 2000; Sinha &
H€ader, 2002; Ziegler et al., 1994), the effects of UVC radiationFig. 2 e General appearance of the epidermis of control
group of mole rats. SC: Stratum corneum; SG: stratum
granulosum; SS: stratum spinosum; SB, stratum basale; D:
dermis, N: nucleus. X3.900.have been much less studied or not studied despite the fact
that it comprises the main component of solar UV radiation.
It is expected that some alterations might occur in the or-
gans and systems exposed to UV radiation as a result of
transforming the mediators via the blood. For this reason, in
this study, the ultrastructural effects of UVC radiation onmole
rats stratum corneum cells were aimed to investigate.
Ultraviolet (UV) irradiation present in sunlight is an envi-
ronmental carcinogen. The toxic effects of UV from natural
sunlight and therapeutic artificial lamps are a major concern
for health. Themajor acute effects of UV irradiation on normal
human skin comprise sunburn inflammation (erythema),
tanning, and local or systemic immunosuppression. At the
molecular level, UV irradiation causes DNA damage such as
cyclobutane pyrimidine dimers and (6e4) photoproducts,Fig. 4 e Electron micrograph of stratum corneum of mole
rats epidermis exposed UVC radiation for 52 h. Lacunae (L)
formation in horn cells of stratum corneum. Lacunae (L),
stratum corneum (SC), stratum granulosum (SG). X19.000.
Fig. 5 e Electron micrograph of stratum corneum of mole
rats epidermis exposed UVC radiation for 52 h. Lacunae (L)
formation and some global bodies (Gb) in stratum
corneum. X22.000.
Fig. 7 e Electron micrograph of stratum corneum of mole
rats epidermis exposed UVC radiation for 112 h. Horny
cells became a necrotic structure. X14.000.
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Chronic exposure to UV irradiation leads to photoaging,
immunosuppression, and ultimately photocarcinogenesis.
Photocarcinogenesis involves the accumulation of genetic
changes, as well as immune system modulation, and ulti-
mately leads to the development of skin cancers. In the clinic,
artificial lamps emitting UVB (280e320 nm) and UVA
(320e400 nm) radiation in combination with chemical drugs
are used in the therapy of many skin diseases including pso-
riasis and vitiligo. Although such therapy is beneficial, it is
accompanied by undesirable side effects. Thus, UV radiation
looks like the two sides of the same coin e on one side, it has
detrimental effects while on the other side, it has beneficial
effects (Matsumura & Ananthaswamy, 2004).Fig. 6 e Electron micrograph of stratum corneum of mole
rats epidermis exposed UVC radiation for 52 h. The horny
cells entered into another cells. Intercellular material
(arrowheads), desmosomes (d), lacunae (L). X25.000.The harmful effects of UV radiation on living organisms
occur indirectly. Free radicals are released as a result of radi-
olysis of water molecules when they are exposed to radiation
and these radicals lead to changes in the structures and
functions of various molecules by interacting with them
(Jagetia & Reddy, 2005; McMillan et al., 2008; Zare, Hashemi, &
Salari, 2007). Absorption of UV in a cell leads to the production
of reactive oxygen and nitrogen species that can damage
major biomolecules including DNA and membrane lipids.
Various types of damage induced in these molecules lead to
significant biological effects including cytotoxicity, mutations
and alterations in cell signaling pathways (McMillan et al.,
2008).Fig. 8 e Electron micrograph of stratum corneum of mole
rats epidermis exposed UVC radiation for 168 h. Flattening
in the cells, formation of ridges and grooves between the
cells, and lacunae (L) formation. X13.000.
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might be due to the deficiencies of natural processes, such as
the chromatin package and abortive apoptosis during devel-
opment and cell division. Petersen et al. (2000) reported that
UVA irradiation increased the intracellular levels of hydrogen
peroxide (H2O2) and caused oxidative DNA damage, single
strand breaks and alkali-lobile sites. Douki, Reynaud-Angelin,
Cadet, and Sage (2003) stated that bipyrimidine photoproducts
rather than oxidative lesions are the main type of DNA dam-
age from solar UVA radiation. DNA damage was found to be
positively correlated with LPO. These results were empha-
sized by many authors (Armstrong, Reimschuessel, & Bradly,
2002; Browman et al., 2003; Ciereszko, Tobie, & Konrad, 2005;
Kino & Sugiyama, 2005; Mekkawy et al., 2010; Sinha & H€ader,
2002) with a reference to the oxidative nature of DNA dam-
age. The damage in the cells could develop depending on the
dosage and the exposal period of the radiation (Denham,
Hauer-Jensen, & Peters, 2001; Mansoub & Sarvestani, 2011;
Weiss et al., 1990).
After the irradiation of mole rats for 52, 112 and 168 h, the
major changes occurred in the stratum corneum of epidermis
of mole rats, generally appeared in cytoplasm, mitochondria
andnucleus. Since the stratumcorneumwas theupper layerof
epidermis, effects of UVC radiation were the expected results.
In this study, it is clear from the granular cellular debris in
stratum corneum that the transformation of granular cells
into horny cells was not completed. The lacunae formed in
horny cells and cytoplasmic debris was regarded as important
changes. The thickening that occurs in stratum corneum was
considered an important epidermal response to the UV radi-
ation (Nix, Nordquist, Scott, & Everett, 1964). These data were
corroborated by previous studies done on human and animals
epidermis (Matsumura & Ananthaswamy, 2004; Nix et al.,
1964; Raknerud, Hovig, & Iversen, 1971).
Although the general effects of UV radiation were studied
on the epidermis of human, mice and guinea pig (Bivik et al.,
2006; Brody, 1959; Chomiczewska-Skora et al., 2013; Johnston
et al., 1984; McMillan et al., 2008), some further different
changes in the epidermis were seen. The typical appearances
of desmosomes disappeared in the basale and spinosum
layers of mole rats epidermis (Schwartz, LeRoux, Schaller, &
Neurand, 1979). Since these changes caused both intercel-
lular relationships and tonofilaments concentration in the
cytoplasm, they may affect the inner cellular skeleton. The
lipid droplets in the basal and spinosum cells increased and
vacuolizationwere seen inmitochondria. The nucleolus in the
basal cells increased significantly; as for the spinosum cell
nucleus, and the number of nucleolus became three. It is
obvious that these changes occurring in the nucleus and
mitochondria will affect the cell functions.
The increase in the keratohyalin and the vacuoles for-
mation in the cytoplasm by the effect of the UVC radiation
were among the remarkable changes. The fact that the ker-
atohyalin granules in the granular cells were condensed in
the part where UVC emerges shows that these cells help to
protect the cells beneath them (Garmyn, Yaar, Boileau,
Backendorf, & Gilchrest, 1992; Moysan, Clement-Lacroix,
Dubertret, & Morliere, 1996). These changes in the granular
cells were partly shown in the study Nix et al. (1964) carried
out on human epidermis.The present study revealed the harmful effects of UVC
radiation on the stratum corneum ofmole rats epidermis. The
ultrastructural changes occurred depending on the dosage
and exposal period of the UVC radiation.Conflict of interest
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